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We analyzed 72 items related to serum biochemistry and hematology in 85 specific pathogen-free (SPF) 
Seoul National University (SNU) miniature pigs aged 1- to 36-months which originated from a Minnesota 
miniature pig. Almost all examined items were similar between male and female pigs. However, some 
items such as Cr level, B/C ratio, C.R.F, LDH, LAP and T4 were significantly different between male and 
female pigs (P<0.05). Thirty four examined items showed age-related changes, and the significant 
changes were observed in animals less than six months old. The values for BUN, K, uric acid, Ca, Ca ++ , 
and Pi were significantly higher in pigs younger than six months of age, which might reflect poor kidney 
function in young pigs. Additionally, TIBC, UIBC and RDW were significantly higher in young pigs, and 
RBC, Hb, HCT, MCHC and MCV were significantly lower in young pigs, thus indicating a similar 
physiology of iron deficiency anemia. These age-related specific phenotypes seemed to be normal, but it 
should be considered in the long-term experiment using the young pigs. In conclusion, in this study, we 
defined the normal reference intervals for SPF SNU miniature pigs, and we also determined that there are 
some physiological differences between the pig genders and ages. This study provides fundamental data 
for use in experiments involving SPF SNU miniature pigs. 

Keywords: Hematology, miniature pig, serum biochemistry, specific pathogen free 

Received 5 July 2012; Revised version received 20 November 2012; Accepted 23 November 2012 



We analyzed the blood chemistries of Seoul National 
University (SNU) miniature pigs to understand their 
normal physiology and physiological status [1,2]. Serum 
biochemistry and hematology were studied to assess 
additives, meals and welfare [3] and to diagnose health 
status. Normal hematology and serum biochemistry 
values have been reported for laboratory mice, rats, 
rabbits and other animals [4]. 

Previous reports have provided normal pig blood 
biochemistry values for domestic and miniature pig [5- 
8]. However, to our knowledge, there have been few 
reports about the blood biochemistry for specific 
pathogen-free (SPF) miniature pigs, although simple 
hematology tests have been conducted in germ-free 



Minnesota miniature pigs [9,10]. In addition, normal 
values for blood biochemistry may be age-dependent, 
and only age-related changes in platelet activity have 
previously been reported [11,12]. 

The origin of the SNU miniature pig is a Minnesota 
miniature pig. After acquisition, the pigs were housed in 
a specific pathogen-free environment and bred in a 
closed colony for 30 years at the Chicago Medical 
School miniature pig facility [13]. In 2004, 24 miniature 
pigs were transported in a sustained germ-free isolator to 
an SPF pig facility at Seoul National University. Only 
two maternal origins were defined, and the pigs were 
bred as closed colonies. The animals have been 
maintained as SPF grade and have been used for various 
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studies, such as xenotransplantation and toxicology. 

In this study, the normal hematology and serum 
biochemistry values for each item were assessed to 
determine the reference intervals. Additionally, age- 
related changes were analyzed. These data are fundamental 
for use of SNU miniature pigs as a laboratory animal. 

Materials and Methods 

Animals 

We performed serum-biochemistry and hematology 
analyses on 85 miniature pigs (47 males and 38 females), 
aged 1 to 36 months. They were all conditioned in the 
same animal room at 24±2°C with a 12/12 (light/dark) 
cycle. All air and water was filtered, and all equipment 
was sterilized before use. We used irradiated pig feed for 
weaning and growing pigs (Purina Korea, Seongnam, 
Korea). No antibiotics or vaccines were used. The pigs 
were maintained under specific pathogen-free conditions 
and were free from viral and bacterial pathogens [14]. 
This study was approved as an animal use protocol by 
the Institutional Animal Care and Use Committee at 
Seoul National University. 

Blood collection and analysis 

Fresh whole blood was collected by cardiac puncture 
into heparin blood collection tubes and plain tubes (BD 
bioscience, San Jose, CA, USA). Serum was separated 
from the blood in plain tubes via centrifugation at 
3,000 rpm for 20 min. Blood biochemistry tests were 
conducted at the Seoul Medical Science Institute using 
5 mL of fresh whole blood and 2 mL of serum. In total, 
we examined 72 items (Table si). 

Analysis of the reference interval 

To determine normal values for SNU miniature pigs, 
we calculated the mean and standard deviation of each 
item. Significant differences between male and female 
pigs were analyzed using an independent sample T-test 
(SPSS ver. 17.0, SPSS Inc., Chicago, IL, USA). Further, 
a reference interval was calculated using the Clinical and 
Laboratory Standard Institute (CLSI) guidelines C28-A2 
and C28-A3 [15]. The 95% reference intervals for whole 
pigs, male pigs and female pigs were acquired using 
MedCalc version 11.1.1 (MedCalc Software, Mariakerke, 
Belgium). When examined values showed a normal 
distribution in the Kolmogorov-Smirnov test, we acquired 
a 95% interval as the reference interval. When examined 



values did not show a normal distribution, a robust 
method was used for acquiring the reference interval. 

Analysis of the age-related changes 

The results were grouped according to age as follows: 
1) 15 pigs under six months of age; 2) 15 pigs between 
6and 12 months of age; 3) 15 pigs between 12 and 18 
months of age; 4) ten pigs between 18 and 24 months of 
age; 5) 12 pigs between 24 and 30 months of age; 6) nine 
pigs between 30 and 36 months of age; and 7) nine pigs 
over three years of age. The mean values for each age 
group were calculated, and an age-related analysis was 
conducted. Significant differences were confirmed using 
the one-way ANOVA with Tukey's post test using the 
Graphpad Prizm ver. 5.0 (Graphpad Software Inc., CA, 
USA). 

Results 

Normal ranges for serum biochemistry and hematology 
of the SNU miniature pig 

Almost all examined items were similar between male 
and female pigs. However, some values such as Cr level, 
B/C ratio, C.R.F, LDH, LAP and T4 were significantly 
different between male and female pigs (P<0.05); Cr 
and LAP were high in males, and B/C ratio, C.R.F, LDH 
and T4 were high in females. 

Cr and LAP are normally higher in males than in 
females. In addition, the values for B/C ratio, C.R.F, 
LDH and T4 were significantly higher in females than 
males. 

The reference intervals were calculated for all pigs, 
male pigs, and female pigs, respectively. Among the 72 
examined items, male and female pigs had normal 
distributions for 3 1 and 48 items, respectively, and only 
21 examined items showed normal distributions in all 
examined pigs. For B/C ratio, LDH and T4, the 
examined values were significantly higher in females, 
but the reference intervals were relatively lower and 
narrower in females compared to those of the males 
(Table 1). 

Age-related changes were found in some items 

Although, all values were included in normal reference 
interval of SNU miniature pig, some significant changes 
were observed in pigs between 6 and 12 months of age. 
Among the examined 72 items, 34 showed age-related 
changes, resulting in two age-related patterns as shown 
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Table 1. Normal values and reference intervals for serum biochemistry and hematology in Seoul National University (SNU) 
miniature pigs 





Unit 


Total 


Male 


Female 


Pr 


g/dL 


5.07-8.65 


5.16-8.51 


4.95-8.84 


ALB 


g/dL 


3.13-5.03 


3.31-4.96 


2.93-5.1 


BUN 


mg/dL 


4.91-20.87 


5.59-18.87 


4.48-22.93 


Cr 


mg/dL 


0.75-2.12 


0.84-2.19 


0.69-1.98 


B/C Ratio 


Ratio 


3.92-26.79 


3.58-24.64 


0-23.31 


U.A 


mg/dL 


0-0.97 


0-1 .72 


0-0.8 


Glu-FBS 


mg/dL 


66.3-347.55 


59.6-444.8 


25.14-298.02 


Globulin 


Ratio 


1.32-4.24 


1.27-4.13 


1.39-4.37 


A/G Ratio 


Ratio 


0.9-3.47 


0.49-2.82 


0.9-4.1 


C.R.F 




1-4 


0 57-3 26 


0.87-3.74 


D.Bili 


mg/dL 


0-0.15 


0.01-0.23 


0-0.13 


ID.Bili 


mg/dL 


0.03-0.53 


0.02-0.61 


0.04-0.54 


T.Bili 


mg/dL 


0.06-0.69 


0.06-0.84 


0.06-0.72 


AST 


IU/L 


14.3-363.45 


16.4-504 


13-168 


ALT 


IU/L 


11.3-49.85 


13.2-53.2 


8.18-40.29 


LDH 


IU/L 


358.86-1633.02 


591.4-1736.6 


525.45-1771.28 


ALP 


IU/L 


10.9-516 


11-677.2 


0-380.03 


r-GTP 


IU/L 


22.15-505.45 


22.6-499.4 


21-877 


LAP 


IU/L 


43.31-678.12 


165.46-745.52 


129-570 


CHE 


IU/L 


0.5-303.13 


0.1-470.6 


0-301 .25 


Ams 


IU/L 


P'SO 73-2320 68 


331 42-2393 14 

\J\J I . £.\J^J\J . I *~r 


167 Q?~??14 08 


CPK.total 


IU/L 


181.35-2160.85 


164-1933.2 


189-3579 


T.Choi 


mg/dL 


59.45-270.3 


59.6-265.4 


53-290 


F-Chol 


mg/dL 


20.15-90.05 


20.2-88.4 


18-97 


Tg 


mg/dL 


3-141.45 


0.6-154.4 


0-63.71 


HDL-Chol 


mg/dL 


23.16-80.74 


20.69-80.88 


26 1 7-80 62 


LDL-Chol 


mg/dL 


16.3-144.05 


15.2-140.8 


24-182 


Na 


mmol/L 


136.44-149.37 


136.73-150.25 


136.33-148.04 


K 


mmol/L 


3.16-6.73 


3.45-6.72 


2.86-6.69 


CI 


mmol/L 


95.49-106.2 


96.24-105.94 


94.62-106.49 


Pi 


mg/dL 


4.65-14.33 


5.28-18.88 


2.83-12.01 


Ca 


mg/dL 


8.67-12.34 


9.28-13.82 


8.35-12.59 


Ca ++ 


mg/dL 


3.83-6.5 


4.12-7.3 


3.24-6.23 


T.C02 


mEq/L 


22.87-34.68 


23.19-35.23 


22.57-33.9 


ANION GAP 


mg/dL 


15.84-19.95 


16.09-20.04 


15.59-19.78 


Osmo 


mOsm/KgH 2 0 


286-348.35 


242-347.8 


286-369 


Fe 


ng/dL 


9.2-476.65 


6.4-564.4 


0-387.37 


UIBC 


ng/dL 


121.95-922.35 


124.6-1084.6 


46.59-656.62 


TIBC 


ug/dL 


323.65-958.85 


315.6-1091 


264.39-810.92 


PLipid 


mg/dL 




61.8-238.8 


51.4-194.44 


B-Lipo 


mg/dL 


0-60 


0-398.8 


0-62 


ADA 


IU/L 


3.91-22.45 


3.34-30.44 




WBC 


Thousand/L 


0-16.65 


0.19-16.06 


0-17.44 


Segment 


% 


0-102.7 


0-101.04 


0-105.41 


Lymphocyte 


% 


0-93.78 


0-89.84 


0-98.99 


Monocyte 


% 


0-8.63 


0-9.77 


0-8 


Eosinophil 


% 


0-9 


0-7.63 


0-9 


Basophil 


% 


0-2.89 


0-2.81 


0-62.4 


RBC 


Thousand/L 


1.56-8.73 


4.29-9.24 


1.94-10.2 


Hb 


g/dL 


2.9-18.58 


5.52-106.26 


4.69-22.22 


HCT 


% 


8.85-52.89 


17.1-51.51 


13.56-63.63 


MCV 


fL 


50.92-75.35 


49.89-75.21 


52.16-75.52 


MCH 


Pg 
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Table 1. Continued 





Unit 




Total 


Male 


Female 


MCHC 


% 




31.56-36.48 


31.59-35.65 


31.79-37.65 


RDW 


% 




16.3-29.98 


15.89-31.73 


16.3-29.8 


PLT 


Thousand/L 




93.25-450 


93.35-506.68 


56.28-339.45 


PCT 


% 




0.07-0.4 


0.07-1.04 


0.05-0.31 


MPV 


Fl 




6.72-11.75 


6.84-11.52 


6.56-12.04 


PDW 


% 




14-19.88 


13.8-136.33 


14.72-18.8 


AFP 


ng/mL 




0.6-0.96 


0.6-0.92 


0.6-1 


T3 


ng/dL 




28.6-195.75 


28.8-232.4 


11.09-157.76 


T4 


ug/dL 




0.33-7.89 


0.34-7.74 


0-7.5 


TSH 


ulU/mL 




0.01-0.38 


0.01-0.35 


0.01-0.58 



Grey boxes indicate items with a normal distribution. 



Table 2. Age-related patterns in hematology and serum biochemistry 



Pattern 3 Item 








Age (months) 








<6 (15) 


6-12(15) 


12-18(15) 


18-24(10) 


24-30 (12) 


30-36 (9) 


>36 (9) 


Pr 


5.46±0.28 


7.01 ±0.68 


7.33±0.79 


7.24±0.46 


7.22±0.80 


7.09±0.72 


7.06±0.69 


Cr 


1.01±0.15 


1.47±0.27 


1.54±0.25 


1.53±0.34 


1.57±0.25 


1.54±0.46 


1.5±0.38 


Globulin 


1.62±0.39 


2.51 ±0.55 


2.96±0.50 


3.19±0.27 


3.32±0.53 


3.26±0.28 


3.21 ±0.43 


CHE 


34.11±33.28 


39.33±57.96 


156.93±65.54 


144.00±94.62 


194.67±1 38.53 


156. 11 ±36.27 


136.89±25.47 


Hb 


9.18±5.13 


15.09±1.51 


15.63±1.74 


15.78+2.11 


15.43±20 


14.62±1.95 


12.87±3.55 


HCT 


27.51 ±15. 10 


43.97±4.54 


45.36±4.98 


45.53±5.91 


43.57±5.59 


41.56±5.72 


36.26±10.60 


A MCHC 


33.11 ±1.69 


34.33±0.49 


34.45±0.59 


34.63±0.41 


35.35±0.56 


35.23±0.50 


35.72±0.90 


MPV 


7.96±0.81 


8.59±1.05 


9.38±1.34 


9.56±1.13 


9.66±0.97 


10.09±1.04 


10.26±1.05 


PDW 


15.93±1.60 


17.64±0.65 


26.61 ±37. 19 


17.01 ±0.66 


16.96±0.90 


17.23±0.41 


17.01 ±0.54 


WBC 


4.80±3.06 


4.73±2.94 


9.27±3.45 


10.08±4.54 


10.87±2.55 


9.88±2.51 


11.12±4.49 


Segment 


20.02±17.05 


28.20±16.03 


48.21 ±23.65 


71.92±12.66 


62.42±23.54 


71.23±11.28 


74. 11 ±11. 09 


MCV 


55.89±2.94 


58.09±3.68 


62.50±2.94 


65.67±3.07 


64.84±4.93 


69.34±2.75 


72.54±1.78 


MCH 


18.49±1.13 


19.92±1.31 


21.54+1.11 


22.74±1.10 


22.93±1.93 


24.43±0.82 


25.93±0.48 


BUN 


17.17±5.37 


11. 01 ±3.72 


12.33±3.04 


12.34±2.67 


12.4±3.37 


11.6±1.80 


12.39±3.46 


B/C Ratio 


17.49±6.68 


7.93±3.90 


8 ??+?.30 


8.37±1.48 


8.09±2.48 


8.97±5.59 


8.4±2.11 


U.A 


0.35±0.48 


0.11±0.11 


0.03±0.05 


0.01 ±0.03 


0.02±0.06 


0.14±0.33 


0.02±0.07 


A/G Ratio 


2.54±0.81 


1.85±0.43 


1.49±0.23 


1.24±0.10 


1.18+0.19 


1.16±0.13 


1.21±0.15 


C.R.F 


3.00±0.76 


2.13±0.52 


1.92±0.86 


2.01±0.03 


1.9±0.29 


1.67±0.50 


1.56±0.53 


LDH 


1355.53±293.28 


804.20±1 42.08 


922.80±349.17 


870.40±1 66. 1 3 1 028.58±387.94 


980.44±291.77 


949.56±204.08 


ALP 


360.0±1 57.81 


77.67±33.11 


51.60±10.32 


57.10±40.43 


30.67±11.16 


33.67±12.51 


48.89±26.3 


T.Choi 


177.07±64.44 


117.80±21.84 


87.27±17.22 


89.70±20.96 


90.5±13.44 


74.89±9.88 


73±10.31 


F-Chol 


59.00+21.46 


39.33±7.23 


29.00±5.74 


29.50±6.67 


30.17±4.51 


25±3.32 


24.33±3.28 


LDL-Chol 


85.40+47.21 


40.40±9.38 


33.67±10.51 


35.00±12.29 


35.33±8.54 


27.89±4.40 


25.44±6.58 


B K 


5.74±1.20 


5.14±0.64 


4.75±0.57 


4.53±0.88 


4.88±1.00 


4.7±0.80 


4.42±0.28 


Pi 


11.21±3.10 


7.73±0.81 


6.71 ±0.89 


6.66±0.70 


6.65±1.50 


6.8±1.57 


6.47±1.01 


Ca 


11.67+1.15 


10.57±0.57 


10.29±0.95 


10.33±0.41 


10.06±0.50 


9.96±0.59 


10.17±0.65 


Ca ++ 


5.95±0.68 


4.71 ±0.27 


4.46±0.51 


4.50±0.18 


4.4±0.33 


4.39±0.13 


4.5±0.18 


UIBC 


557.07±251.99 


399.73±89.30 


279.60±75.43 


315.90±70.21 


295.33±61.04 


226. 11 ±55.58 


193.33±76.56 


TIBC 


743.1 3±1 61 .96 


544.40±101.94 


432.47±60.05 


477.00±75.86 


463.67±67.94 


375.44±46.68 


398.89±36.58 


P.Lipid 


170.57±37.84 


126.33±26.06 


94.20±19.38 


101.33±32.53 


111.67±25.71 


87.78±11.21 


86.67±16.36 


RDW 


24.53±4.15 


18.41 ±0.83 


17.60±0.68 


17.96±0.73 


17.54±1.45 


17.04±0.62 


17.43±1.46 


T3 


139.00±39.18 


96.53±43.90 


69.00±18.75 


67.70±23.14 


63.5±22.52 


54.22±10.37 


65.33±13.47 


T4 


5.72±2.10 


3.13±1.17 


2.29±0.94 


? 22+1.23 


2.26±1.30 


1.66±0.56 


1.13±0.55 


Lymphocyte 


72.39±24.67 


64.6±15.57* 


39.78±15.64 


25.1 9±1 1.00 


35.73±23.61 


25.96±10.02 


23.69±10.90 



Grey boxes indicate significant differences in pigs of different ages in a one-way ANOVA with Turkey's post test using the Graphpad 
Prizm ver. 5.0 (Graphpad software Inc). Data are shown as meanistandard deviation 

a A indicates significantly lower value in pigs younger than six months of age and B indicates a significantly higher value in pigs 
younger than six months of age. 
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Figure 1 . Indicators of kidney function. Levels of BUN, Ca ++ , K Pi and UA were high in young pigs, indicating poor kidney function. 
Grey boxes indicate the normal value range for the SNU miniature pig. One-way ANOVAs with Tukey's post test were conducted 
using Graphpad Prizm ver. 5.0 (Graphpad software). "*", "**" and "***" indicate significant (0.01 <P value< 0.05), very significant 
(0.01 < P value < 0.001), and extremely significant (P< 0.001), respectively. 



in Table 2. One pattern (pattern A) represented 
significantly low values, and the other pattern (pattern B ) 
represented significantly high values for pigs younger 
than 6 to 12 months. The levels of Pr, Cr, globuline, 
CHE, Hb, HCT, MCHC, MPV, PDW, WBC, segment 
lymphocyte, MCV and MCH showed pattern A, and 
BUN, B/C ratio, UA, A/G ratio, CRF, LDH, ALP, T- 
Chol, F-Chol, LDL-Chol, K, Pi, Ca, UIBC, TIBC, P- 
Lipid, RDW, T3 and T4 showed pattern B. There were 
no significant changes in older pigs. Among the 14 items 
following pattern A, the values for WBC, segment, 
MCV and MHC significantly increased after 12 months 
of age. 



Discussion 

The miniature pig has physiological and anatomical 
similarity with human, and has been used for laboratory 
animal in such field of cardiovascular system, renal 
disease, transplantation and toxicology [16]. Thus, basic 
information about serum biochemistry and hematology 
were essential for understanding the data of experiment. 
This study was conducted especially for SPF SNU 
miniature pigs, which were originated from the Minnesota 
miniature pigs [17]. Hematology analysis for SPF pig 
colony was valuable for understanding normal miniature 
pig physiology. 
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Figure 2. Indicators of anemia. Levels of TIBC, UIBC and RDW were high in young pigs; however, levels of Hb, HCT, MHCH and 
MCV were low. These levels indicate iron deficiency anemia in young pigs. "***" indicate extremely significant (P< 0.001). Grey 
boxes indicate the normal value ranges for SNU miniature pigs. 



Various aged 85 SNU miniature pigs were used to 
establish the reference intervals (Table 1). There were 
some items that had significantly different reference 
intervals between male and female pigs. The values for 
Cr and LAP were significantly higher in males, 
consistent with previous reports that Cr and LAP are 
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normally higher in males than in females, and the low 
muscle volume of females may be the basis for this 
difference [18]. In addition, the values for B/C ratio, 
C.R.F, LDH and T4 were significantly higher in females 
than they were in males. The history of pregnancy and 
lactation in females might be the reason for the high 
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LDH and T4 values [19,20], but the cause of the high 
C.R.F values in females is unclear 

Although, all values were included in normal reference 
interval of SNU miniature pig, some significant changes 
were observed in pigs between 6 and 12 months of age. 
Based on the significant changes in the young pigs, there 
were several possible specific conditions of poor kidney 
function, symptom of iron deficiency anemia, hyper- 
cholesterolemia and deficiency of protein intake. The 
values for BUN, K, uric acid, Ca, Ca^, and Pi were 
significantly higher in pigs less than six months of age, 
a possible indication of poor kidney function (Figure 1). 
However, the level of Cr, an indicator of kidney 
function, was significantly lower in young pigs, possibly 
due to the low muscle volume [21]. Additionally, TIBC, 
UIBC and RDW were significantly higher in young 
pigs, but RBC, Hb, HCT, MCHC and MCV were 
significantly lower in young pigs (Figure 2). This might 
indicate a similar symptom of a iron deficiency anemia 
[22]. Furthermore, although the levels of triglyceride and 
B-lipid were low, high levels of T chol, LDL-chol, F 
chol and P lipid may indicate hypercholesterolemia. In 
addition, the levels of Pr, albumin and globulin were 
lower in young pigs, possibly due to a deficiency in 
protein intake or a immature digestive system [23]. 
These age-related specific phenotypes seemed to be 
normal, but it should be considered in the long-term 
experiment using the young pigs. 

The SNU miniature pig is used as a laboratory animal 
and xenograft donor animal. Thus, understanding its 
normal physiological phenotype is fundamental. Hema- 
tology and serum biochemistry represent the functioning 
of organs or systems [24], and related data could be used 
to determine health status. In this study, we defined the 
normal reference intervals for SNU miniature pigs and 
discovered that there are some gender-specific differences 
and age-related difference in these intervals. This study 
could provide fundamental data for the experimental use 
of SPF SNU miniature pigs. 
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Table s1 . Full name of the blood chemistry items analyzed in this study 
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HDL-Cholesterol 
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LDL-Cholesterol 
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